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TECBNICAI, NOTK NO. 1677 

I!IcEJ-AND - CXARAClTRISTICS OF SEVERAL 

By Thomas V. Bollech 

SUMMARY . 
\ 

The lift, drag, end pitchfng-moms nt characteristics of seversI 
unswept wings were determined. by wind-tunnel tests and by calculations 
us3ng the method of NACA TN No. 1269. Thewingswere stfnilar inplsn 
formwith aspect ratio 10, taper ratio 2.5, and with rook-chord aud 
tip-chord thickness ratios of 20 and 12 percent, respectively. The 
airfoil sections used were the RACA beries, 23Merie8, snd 10~~ 
drag 6keries. 

The aerodynamic characteristics of the wLng8 were determined 
experimentally for the smooth end rough model conditions with flaps 
neutral and partial-span snd full-spas split flaps deflected 60'. The 
tests were made through a rsnge .of Reynolds number from approximately 
2.0 X lo6 to approx5mately 5.0 X 106. 

A coqarison of the calculated and experimental chsracteristics 
was made only for the flapneutral, smooth-model condition snd indicates 
that the agreement obtained in most cases was excellent. No defFnite 
trend exists which would indicate that the degree of correlation 
obtainable depends on airfoil section within the range of variables 
investigated. 

At a constant value of Reynolds number the experknental values of 
maximum 1M-t coefficients obtained for the smooth models with flaps 
neutral were approxFmately equal. With flaps deflected, the highest 
value of msxLmum lift coefficient was obtained for the wing of 
NACA 23O-series sections. For the rough model with flaps neutral 
the greatest loss in maximum lift was eqerienced by the wing of 
NACA 23O-series sections and the smallest loss was experienced by the 
wing of NACA 64-series sections. With the flaps deflected and the models 
in the rough condition, the maximum lift coefficients were approximately 
equalfm all-wings. The wing of NACA 6keries sections in the smooth 
condition e-bit& 1weF minimum drag values and slightly better values 



2 IU.CA TN No. 1677 

of maximum lift-drag ratios than the wings of NACA 23CLserFes or 44+eries c - 
sections. In the rough condition, however, sll wings produced approxi- 
mately the same values of maximum lif't-drag ratios, and the wing with : 
NACA 23Ckeries sections exhibited the lowest values of minimum drag 
coefficient. With flaps neutral, the wing of NACA 23O-series sections 
exhibited an abrupt stall, which mey be unsatisfactory when stall warning 
or lateral control at the stsll is considered. The stall of-the wings 
with RACA 64-series and keries sections was gradual. With flaps 

' deflected 600, the stall was mre abrupt for all wings than with flaps 
neutral. 

INTRODUCTION 

An investigation has been undertaken.in the Langley 1Ffoo-t; 
pressure tunnel to demonstrate the accuracy of the lifting-line theory 
in predicting the aerodynamic characteristics of unswept wix@s with 
moderate to high aspect ratios and to determine the effects of vsria- 
tions in the geometric parameters of the wings on their aerodynamic 
characteristics. In the first phase of the investigation, reported in 
reference 1, seven unswept wings having NACA beries sections, aspect 
ratios of 8, 10, and 12, and taper ratios of??.5 and 3.5 were investi- 
gated to determine the effects of aspect ratio, taper ratio, and 
chord thickness ratio. 

In the final phase ofthe investigation, reported herein, two 
wings of NACA 2304eries and low4lrag 6keries sections were tested 
and the results are compsred with those of a wing of NACA kkeries 
sections and of the same plan form reported in refertince 1 to determine 
the effects of airfoil profile on the wing aerodynemic characteristics. 
AU. wings had sn aspect ratio of 10, taper ratio of2.5, and a root-chord 
thickness ratio of 0.20. 

The experimental lift, drag, pitching-mame nt, and stalling charac- 
teristics of wings with aqd without leadingedge roughness for the 
flamutral and flap-deflected conditions are presented along with the 
calculated lift, drag, and pitching-moment characteristics of wings 
without leading-edge roughness for the flap-neutral condition. The wing 
characteristics were calculated by the generalized method of the 
lifting-line theory, which allows the use of nonlinear section-lift 
curves. (See reference 2.) 

SYMBOIS 

The coefficients and symbols used herein are defined as follows: 

% lift--coefficient W@ 1 

EL increment of lift coefficient due to flaps 

. 
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M Mach nmiber (V/a) 
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drag coefficient (D/qS) 

Profile-drag coefficient (Do/@) 

pitch-ant 

mean aerodynsmic chord 

max3mm lift-drag ratio 

Reynolds number 
PVC 

0 -r 

angle of attack of the wing root chord, degrees 

flap deflection, degrees 

slope of lift curve 

slope of pitching-mament curve 

lift, pounds 

wing profIle drag, pounds 

d-& pounds 

free-stream velocity, feet per second 

velocity of sound, feet per second 

mass density of air, slugs per cubic foot 

coefficient of viscosity, slugs per foot-second 

wing m&a, square feet 

free-stream dyntic pressure, pounds per squsre foot 

mean aerodymmic chord, feet 6s" 2k) 
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b wing span, feet 

Y spsnwise distsnce, feet 

C local chord 

Subscripts: 

max maXimUm 

L=O zero lift- 

, 

9’ 

.- 

MODEIB ARD 'ITBTS 

Models 

The wings were constructed of lsminated mahogauy. They were of 
straight tapered plan form with parabolic tips which extended over the 
outer 5 percent of the semispau. The wings were designed tith- zero 
dihedral and zero sweep; that is, the quertemhord line was perpendi- 
culartothe plase &symmetry. The wings had approximately 3O wash- 
out -at the cmstruction tip. A layout of a typical tapered wing is 
showninfigure1. 

The wings incorporated the NACA l&+eries, 23O-serie8, snd lm 
drag 6&series airfoil sections (fig. 1) with aspect ratio of 10 and 
tapezratio of 2.5. The 6&serfes airfoil sections had a design lift 
coefficient of 0.4. The ratio of the span to root thickness for the 
win@;8 was 35. The root--secticm and-tip-section thickness ratios were 
20 and 12 percent; respectively, for all wings. The gecmetric charac- 
teristics of the test wings are presented in table I. The designatim 
for the wings is formed from nur6bers representing, consecutively, the 
taper ratio, aspect-ratio, NACA airfoil series, and root-section thick- 
ness in percent of wing chord. (See reference 1.) 

Et preps&ion for the tests of the smooth model the wings were 
lacquered end sanded ta au aerodynamically smooth finish. In order to . 
simulate a rough-model test condition; a lew roughness 
established by the Imgley tw&dimneim&L low+xarbulence pressure tunnel 
was used. The roughness was obtained by the applicatim of No. 60 
(O.Oll-inch diemeter) carborundwn grains to a thin layer of diluted 
shellac along the complete span over a periphersl distance of 8 percent 
of the chord measured from the leading edge on both upper aud lower 
surfaces. 

A split-flap was used-in all tests when the flaps were deflected. 
!I!he chord of the flap was 20 percent ofthe local wing chord. Partial- 
span and full-spau flaps extended 60 .md 98 percent of the tin@; spau, 

. 

. 

. 
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respectively. me flaps were oonstructed of $--Inch sheet steel which 
was attached to wooden blocks cut to the des&d flap angle end fastened 
to the wing as shown in figure 1. 

Tests 

The tests were conducted in the Langley lg-foot pressure tunnel ' 
with the models installed in the tunnel as shown in figure 2. The air glxb 
in the tunnel was cozrrpressed to a density of approximately 0.0055 slug 
per cubic foot. The tests of the wings with flaps neutral were made 
through a range of Reynolds number from 2.0 X lo6 to 4.95 X 106, which 
corresponds to a range of Mach number from 0.07 to 0.21, respectively. 
With the exception of wing 2.5-L&&,20, in which the tests of the rough 
model were made previous to this investigation md were confined to a 
Reynolds nmiber of 4.45 x 106, the range of Reynolds number for the Wings 
with fWs deflected was frcan 2.0 x 106 to 4.0 x 106 which co~espon~, 
respectively, to &ch numbers fram 0.07 to 0.17. 

The lift, drag, arid pitch-m&, characteristics for both smooth 
and rough models were determfned with flaps neutral and'with psrtial- 
spsm and f~CL-span flaps deflected 600 over an angle+f-arttack range 
frou~~~throughthe sngle of stall. Theprofile drag of smoothwings 
with flaps neutral was~slso determined by wak e+ncmentum surveys. 

Stall studies were made with flaps neutral and deflected, with and 
without leading-edge roughness, at a Reynolds number of approximately 
3.49 x 106 for wings 2.5-m-64,20 and 2.5-LC%230,20. For wing 2.540&1,20, 
the stall. studies ,were made at a Reynolds number of 4.61 x 106, me 
staLl progressions were determined by observation of tufts of wool yarn 
placed at 20, 4.0; 60, 80, and 90 percent of the chord and spaced 6 inches 
on the upper surface of the wing. 

Corrections for support tare smd interference have been applied 
to sll force-test data. Jet-boundary and air-flaw-misalinement correc- _ 
tions have been applfed to the angle of attack and drag coefficients. 
An additional tare drag correction has been applied to all drag data, 
which causes the drag characteristics of wing 2.510-&4,20 presented 
herein to be slfghtly lower than those characteristics presented in 
reference 1. 

. CALCULATIONS 

. The wing lift, drag, ardpitchiwomen-t chsracterlstics were 
calculated by a generalized method of the lift~line theory which 
allowe the use of nonlinear section-lift curves. The procedura used 
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for the calculations ie given in detail in reference 2. The airfoil 
section characteristics required for the calculatioxlc-mre obtained in 
part from reference 3 and in part from unpublished data from the 
Langley tw0aimensions.l low--turbulence pressure tunnel. 

COMPARISOMOF EKP-ARD CmRBCITS 

The experimental and calculated lift, total drag, profile drag, 
and pitchi- nt cheracteristice for the fla~eutral conditions exe 
presented in figures 3 to 5 for a Reynolds number of 3.49 X 106, which 
corresponds to a Mach number of approximately 0.14. Some of the more 
significant results are summer ized in table II, 

Drag.- Ekcellentagreamentbetweenthe experimental and calculated . 
drag characteristics was obtained at-low values of ,lift coefficient. 
As the lift coefficient increased, the experimental drag characteristics 
increased more rapidly then the calculated chsracteristics; thie effect- 
resulted in a divergence of the two drag polers. (See figs. 3 to 5.) 
For wing8 2.5-l-,20 and 2.>104Z30r20 this divergence occurred at=a 
lift coefficient ofapproximately 0.2, whereas for wing 2.+X3-&,20 
excellent agreement was obtained up to a lift coefficient of approxi- 
mately 0.9. This same trend is noted, as would be expected, in the 
comparison of the force4est profileiirag characteristics In which the 
forcetest profile4rag values were obtained by subtracting from the 
experimentel total-drag value, the value of the calculated induced 
d-t3* In general, the profile-drag values obtained fraln force tests 
have a tendency to be higher throughout the lift range than the results 
obtained from either wake surveys or calculations. (See parts (b) of 
figs. 3 to 5.) The agreement obtained between the calculated and wake- 
survey profile-drag characteristics is excellent. POSsible reasons for 
the discrepancy between the force-test and calculated profile-drag 
characteristics are (1) errors in corrections for support tare and 
stream misalinement, (2) inaccuracies in the calculation of Induced drag, 
and (3) the inability to evaluate the drag at wing tips from section 
data or wake surveys. 

As shown in table II, the calculatwd values of (L/D),, are 
higher than the experimental values, except in the case of wing 2.>10-&4,20 
where the experimental and calculated values agree. -The greatest 
discrepancy occurred for wing 2.+X&4,20, where the calculated value 
of (L/D)- is ll percent higher than the experimental value. Tnis 
discrepancy at-first appears to be excessive; however, after considera- 
tion that the discrepancy representa an increment in drag coefficient 
of approximately 0.0010, the correlation appears to be reasonable. 

Lift.- The calculated lift curves predicted quite accurately the 
angle of attack for maximum lift and the general shape of the experimental- 
lift curves throughout-the range from zero lift to beyond the stall. In 

. 
.> - 
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no case did the calculated maximum lift coefficients very more than 0.05 
from the experimental values, with the average discrepancy being 0.03. 
(See table II.) The calculated and experimental values of the lift-Curve 
slopes for wings 2.~X)-&,20 and 2.>lW3O,2O were in excellent 
agreement (see table IX); h&ever, the calculated lift-curve slope for 
wing 2.5W-%4,20 was 4 percent lower then the experimental slope. For 
all wings the agreement between the experimental and calculated angles of 
zero lift is considered excellent, with the greatest discrepmcy of 0.2O 
obtained for wings 2.540&,20 and 2.>l%Z'30,20. (See table II.) 

Pitching moDlent.- The \calculated and eqerimental pitch-nt 
characteristics were in good agreement throughout the lift range. (See 
figs. 3 to 5.) the largest discrepancy that existed would result in a 
2-percent error in the location of the aerodynamic center. (See table 11.) 

Remarks.- Although the calculated characteristics show scme small 
variations from the experimental characteristics, no definite trend exists 
within the scope of this investigation which would indicate that the 
degree of correlation depends on airfoil section. 

COMPARISOM OF l4lXrS OF BARIOTJS SECTIORS 

The experimental aerodynamic characteristics of wings with smooth 
leading edges for the flaps neutral and the ~artial~pan and full-span 
flaps deflected 6Q" ere presented in figures 6 to 8 at a Reynolds 
number of 3.49 X 106. Figures 9 to ll present the results of wings 
with rough leading edges for the 

2 
laps neutral and the flaps deflected 

at a Reynolds number of 4.0 x 10 . 
ations of q&p w%a,x~ &J 

The effect of flaps on the veri- 
and A!&,sx with Reynolds number 

is presented in figures I2 to 15. Table III i3ummmizes scme of the more 
important aerodynamic characteristics at a Reynolds number of 4.0 X 106. 
The values presented in table-III were obtained from plots similar to 
those shown in figures 12 to 15. The stall progressions of wings with 
the flaps neutral and deflected are presented in figures 16 to 18. The 
stall progressions for wings 2.5-X)-64,20 and 2.>lW30,2O ere presented 
at.a Reynolds number of 3.49 x 106, whereas the stall progressions for 
wing 2.5--E-44,20 are for a Reynolds number of 4.61 x 106. Tuft studies 
made at various Reynolds numbers forwings 2.540-8c,20 end 2.X&230,20 
indicated that Reynolde number did not materially effect the manner of 
stall progression within the range of Reynolds number tested. 

Flaps Neutral 

Dra 
3 

.-A general conq~~ison of the wing drag characteristics in 
figures and 9 for the smooth and rough models indicates that the 
variations of drag coefficient with lift coefficient were essentially 
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Crwthe same for all wings, with only small 
variations occurring in the low and high lift-coefficient range. 

.’ 

A comparison of the minimum drag coefficients Qn obtained for 
the smooth a.nd rough models in figure 12 indicates that-wing 2.510-64,20 
in the smooth condition exhibited lower values of (3% throughout the 
range of Reynolds number investigated than either wing 2.+lCkZ3O,2O 
or 2.5-l&4-4,20. The application of leading-edge roughness increased the 
minimum drag coefficient of-the wings to vekles razging from 150 to 
180 percent of the values obtained for the smooth coIzpition. 
Wing 2.>10-64,20 underwent the greatest increase in siu due to 
roughness, which resulted in its having a slightly greater minimum drag 
coefficient than wing 2.5+&23O,2O which had the lowest minimum drag 
coefficient for the rough condition. In codraet to the NACA 23O-series 
end &k-series airfoils, the NfGA 64-series airfoils were deeigned.to 
maintain laminer flow over a large percentage of the chord. It thus 
appears quite reasonable that the effect of roughness in fixing the 
transition at the wing leading edge would have a much greater effecton 
the minimum drag coefficient of a wing of NACA 6heriee sections than 
on the minimum drag coefficient of wings which have sections not 
especially designed to operate with extensive regions of laminar flow. 
lk both surface conditions, wing 2.510-@,20 produced the highest value 
of c$&. 

Crrmqarison of the mm&mm lift-drag ratios (L/D)- (table II) 
indicates that wing 2.FlC&4,20 inthc smooth condition gave. scmewhat 
higher values of (L/D),, than either the 2.>lM3O,2O or 
2.510-&,,20 wings. The value of (L/D),, for wing 2.Flti4,20 is 
between 3 and 10 percent greater than that-obtained for the other wings, 
as is indicated from experimental and cekulated data, respectively. The 
addition of leadiwdge roughness (table III) reduced the value 
of (L/N- for all wings approximatwly 25 percent with the net 
result that .5ll wings had approximately the mm8 value of (L/D)-. 
The variation of (L/kJ),, with Reynolds number (fig. 12) for the rough 
and smooth models indicates that the value of (L/D)- for all wings 
tends to increase with Reynolds number, with the exception of 
wing 2.5l&&k,20 in the smooth condition, for which the value (L/D)- 
remains approximately the same throughout the range of Reynolds number 
investigated. 

Lift.- In general, the shapes of the lift-curves (Pigs. 6 and 9) 
for wings 2.5-l&,20 and 2.+1&64,20 sre similar in that both wings 
exk&& 
wing B 

t well rounded lift curves, whereas the lift curve exhibited by 
+5-l&230,20 &a for a31 practical purposes linear up to the stall. 

These general lift-curve cheracteristics are common for both the amdoth 
and rough models..: 
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‘r 

The maximum lift coefficients of the smooth Mugs at a Reynolds 
-I number of 4.0 x 106 ranged f'rom1.43 to 1.49 with wtng 2.5-1w30,20 

having the highest velue (table III). Ta the Reynolds number range frond 
2.0 x 106 to 4.0 x lo6 the values of the maxFmwn1if-t coefficient 
increased tith Regnolds nmuber far all wings (fig. 13). Beyond a Reynolds 
number of 4.25 x 106, which corresponds to a Mach nmiber of approximately 
0.175, the value of Ck for wing 2.+lO+3O,2O decreased with 
increasing Reynolds number. Tests of a wing incorporating NACA 23Gseries 
airfoil secticms but having lower ratios of chord thickness than 
wing 2.>lCQjO,2O (reference 4) indicate that the value of the critical 
Mach nmber for the first wing was approximately 0.25 and that the 
mzk3m.m lift coefficient decreased as the Mach number was increased 
beyond this value. Since the critical Mach number decreases with a&~ 
foil thickness ratio (reference 5) adverse CoIqressibility effects would 
be expected to occur at a lower Mach nmiber for wing 2.>UX23O,x> than 
for the wing described in reference 4. The decrease ti ma&mm lift of 
wfng Z.>lO-e3O,ZO as the Reynolds mmber is increased beyond 4.25 x 106 
is accordingly believed to result from adverse coqressibility effects. 
Althou& no decrease was obtained Fn L with Reynolds number for 
the wings of J!XAC!A 6&- end @-series sections, the curves of Ck for 

. these Hngs show a tendency to &%-el off at the higher Reynolds numbers; 
this conditicm may be due to less adverse compressibility effects than 
those which were encountered for the wing of EACA 23Gseries secticms. 

The application of leadwdge roughness (fig. 13) greatly reduced 
the value of ma~imm lift coefficient for all wings. The de em8n-b 
in & due to roughness at a Reynolds number of 4.0 x 10 r for 
wings 2.~1~,20, 2.>1&64,20, and 2.~1o-230,20 was 0.35, 0.23, and 
0.52, respectively. The relatively large decrement in maxImum lift 
coefficient which resulted from the application of roughness to the 
leading edge of wing 2.>lQGZ30,2O caused the -lift of this wing 
to be considerably lower then the 

. 

wings at a Reynolds nmiber of 4.0 x 106. 
lifts obtained for the other 
EmmUation of the data of 

figure 13 also shows that the decrement in m~immlift coefficient 
caused by roug3mess increases S-at for wing 2.>lM30J20 at the 
low8r Reynolds numbers, while it remains nearly constant for the other 
Wings. Wing 2.5-l&&,20 showed the highest values of maxLmumlif-& 
throughout the range of Reynolds number investigated. No decrease 
in L with increasing Reynolds number was noted for wing 2.>lMZ30,2O 
in the rough condition. As is~pointed out in reference 4, leading-edge 
roughness reduces the pressure peaks which occur at the leading edge 
and thus increases the Mach nuuiber at which Campr8SBibility effects occur0 

A oomparison of the lift-curve slopes obtained for the smooth wings 
at a Reynolds number of 4.0 x 106 (table III) Indicates that . wing 2.~lO-6~,20~exhibited the highest lift-curve slope. The values 
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of lif%+urve slope for wings 2.5-l-,20, 2.5-l&64,20 and 2.5-lO-e3O,2O 
were 0.0875, 0.0920, and 0.0850, respectively. !Phe addition of leading- I- 
edge roughness decreased the lift-curve slopes of the wings by 1 to 
6 percent. I 

The englee of zero lift obtained for smooth wings 2.51&,20, 
2.>1&64,20, end 2.5-lC+3O,2O were -3.2', -l.g", and -0.5O, respectively. 
(gee table III.) Leading-edge roughness did not appreciably effect the 
angle of zero lift obtained for the smooth conditicm. 

Pitching moment.- The values of pitchin-. t co8fficients at 
zero lift for the smooth models (see table III) were 4.096, -0.070, 
end -0.008 for wings 2.5-l&1-4,20, 2.>1&,20, and 2.~10~30,20, 
respectively. The looatian of the aerodynamic centers were 22, 25, 
end 26 percent of the mean aerodynamic chord for wings 2.+lO+Z3O,2O, 
2.5X&4,20, and 2.51&f%,20, respectively. In the vicinity of 
maximumlift a emall. forwardmament of the aerodynamic centerwas 
noted for all wings. The application of leading+dge rougbnees did not- 
appreciably change the wing pitch- t characteristics. 

. 
. 

Stall progression.- As would be expected from the type of lift 
curves etiibited by the wings, the stall progressions for smooth 
tinge 2.510-44,20 and 2.5-U&4,20 were gradual, whereas for . 
wing 2.5~lO-Q30,2O the stall was more or less instataneoue. (See 
fig. 16.) In the cake of wings 2.5X+44,20 end 2.5-M-64,20, the stall 
began at the trailing edge of the root section end gradually progressed 

. 

forwerd end outboard as the angle of attack was increased. The stall . 
progression for wing 2.5-lO-230,20 was more rapid in that no stall was 
indicated until Ck was reached. At L the stall area covered 
approximately 5 percent of the wing area centered abczut the trailing 
edge of the root-chord. Just past maximum lift about 75 percent of the 
wing surface was blenketed in a stalled area. The probability of 
inadequate stall werning, coupled with the possibility of an asymmetrical 
stall which would introduce a severe rolling tendency (reference 6), 
makes it appear likely that the stalling cheracteristics of wing 2.5-lO+30,2O 
would be unsatisfactory. 

The addition of leading+dge roughness did not mater%alll effect 
the stalling characteristics of the -6, and thus the stall progressions 
of the roughened wings have not been presented herein. This failure of- 
roughness to affectthe stalling characteristics of the wings may be 
characteristic ofthe particular airfoil sections employed and the 
Reynolds number at which the tests were made and should not be construed 
to be cheracteristic of other wings or test conditions. 

. 

Flaps Deflected 

Lift.- The effect of flap6 on the wing maximum lift coeffici8nt 
varied considerably with airfoil secticm. (Se8 fig. 15.) The increments 



NACA TM No. 1677 l.l 

in maximum lift coefficient due to full-spas flaps for wings 2.5-K&&,20 
'. and 2.5+lO-23O,2O were 18 and 30 percent greater, respectively, than for 

wing 2.5-l-,20; trail-dge split flaps are thus indicated to be 
more effective for wings 2.51&-4,20 end 2.+lO-93O,2O.than for 
wing 2.54044,20. With full~an flaps deflected 600, the maximum lift 
coefficients obtained at a Reynolds number of 4.0 X 106 were 2.89, 2.71, 
and 2.47 for wings having HACA 23G-seriee heries, and 6&-series 
secti-, respectively. (See fig. 14(b).? Although the values of 
meximumlift coefficient obtained with partial~pan flaps deflected 600 
were somewhat lower than those obtained with full-span flaps deflected 600, 
the effect of airfoil section was &mi.lar. All wings underwent a 
decrease in maximum lift due to roughness, whichwas of the samemagnitude 
as that decrease obtained far the flapaeutral contitian. In contrast to 
the low maximum lift coefficient of the roughened 2.>lO+?3O,2O wing 
with flaps neutral (fig. 13), the maxFmum lift coefficient of the 
2.>lCM3O,20 wing with flaps deflected was, because of its increased flap 
effectiveness, of the same order of magnitude as obtained for 
the other wings. 

The effect of Reynolds number on L (fig. 14) was more 
pronounced for the smooth condition than for the rough cmditian. In 
all cases for which data were available, k increased with Reynolds 
number throughout the renge of Reynolds number investigated. 

Pitching moment.- I~I all cases, the 2.5-..G-&,20 wing exhibited 
the highest value of pitching moment, whereas the 2.5-l&230,20 and 
2.5-1&4,2O~wings exhibited a proximately equal values of pitching . moment (figs. 7, 8, 10, end IL . P A comperison of figures 6 to 1l 
indicates that the largest trim chenge due to flap deflection would be 
obtained for Wang 2.5lCM3O,20. 

Stall progression.- The stall progressions of the wings with flaps 
deflected were similar to those with flaps neutral in that a root--section 
stall was predominas t in every case. With flaps deflected the stall of 
all wings was more abrupt than with flaps neutral. 

With pertiel-span flaps deflected BOO (fig. 17), flow separation 
first occurred just outboard of the flaps. As the angle of attack 
was LZLGTeased, the stall spread inboard for w%ng 2.5-l&&,20. In the 
case of wings 2.>lO-93O,2O and 2.>1&64,20, no separation occurred 
on the inboard sections until the engle of attack was increased 
beyond %lax* * 

. 

. 

!&e stall progression for the wings with full-epan fhp3 
deflected 60~ (fig. 18) indicated that no flow separation occurred 
in the low and moderate angle-of-a=t;tack range. In the vicinity of 
%?lsxJ separation occurred rather abruptly over the wing center secticm. 
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CONCLUSIONS 

NACA TN NO. 1677 

The aerodynamic chmacteristics of 88veral unswept tapered wings 
were determined by calculations using the method of NACA TX No. 1269 
and by wind-tunnel tests to demonstrate the accuracy of calculations and 
to show the effect of airfoil section on the aerodynamic characteristics 
of unswept tapered wings. . The wings investigated were similar in plan 
form, had aspect ratio 10 end taper ratio 2.5, and incorporated 
NACA 44-series, 23GSeries, and low-drag keries airfoil profiles. 
On the basis of compariecm at equal values of Reynolds nunber the 
following conclusicms were made: 

1. The agreement obtained between the calculated and experimental 
cheracteristics was in most cases excellent. No definite trend existed 
within the scope of the investigation which would indicate that the 
degree of cornelation depends on airfoil Section. 

2. The maximm lift coefficients obtained for the smooth wings ' 
with flaps neutral.were approximately equal. With flaps deflected md 
Smooth surfaces, the highest value of maximum lift coefficient was 
obtained for the wing of NACA 23C-series sections. Because of the low 
flap effectiveness for the wing of NACA herlee sections, the maximum 
lift coefficient obtained for this wing was larer than that obtained 
for the wing of NACA &eries sections end considerably lower than 
that obtained for the wing of NACA 23Orreries sections. 

3. The greatestloss in maximum lift due to roughness was experienced 
by the wing of NACA 23weries sections and the Smallest loss was 
experienced by the wing of NACA 6kseries sections. Thus for the 
roughened wings with flaps neutral, the maximm lift coefficient for the 
wing of NACA 23O-series sections was appreciably lower than that obtained 
from either of the other two wings, and with flaps deflected all wings 
produced approximately equal values of maximum lift coefficient. 

4. The win@; of NACA 23a-Series sections with the flaps neutral 
exhibited an abrupt stall, which may be unsatisfactory when stall warning 
or lateral stability at the stall is considered. The stall of the 
wings with F&CA 64-Eleries and keries sections wae_.gradual. With 
flaps deflected 60° all wings stalled more abruptly than with flaps 
neutral. 

5. The wing of NACA 64+eries sectians in the smooth condition 
exhibited lower minimum drag values and slightly better values of- 
maximum lift-drag ratios than the wings of NACA 23O+eriee or 4keries 
sections. In the rough condition, the maximum lift-drag ratios for 

e 

. 
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all wings were approximately equal, and the wing with NACA 23tieries 
sections exhibitea the lowest value of minImum drag coefficient. 
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Figure l.- Layout of typical tapered wbg. (All dimensions in inches.) 
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Figure 2.- High-aspect-ratio tapered wing mounted in the Langley 19-foot pressure tunnel. ’ P v1 
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Figure 3.- Experimental and calculated characteristics of wing 2.5-lo-44,20 with smooth 
leading edge. Flaps neutral. R = 3.49 x 106. 
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Figure 4.- Experimental and calculated characteristics of wing 2.5-10-64&I with smooth 
leading edge. Flaps neutral; R = 3.49 x 108. 
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Figure 12.- Effect of Reynolds number on maximum lift-drag ratio 
and minimum drag coefficient of wings with smooth and rough 
leading edges. 
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Figure 13. - Effect of Reynolds number on the maximum lift coefficient 
or^ wings with smooth and rough leading edges. Flaps neutral. 
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Figure 14. - Effect of Reyziolds number on the maximum lift coefficient 
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Figure 15. - Effect of partial-span and full-span flap-s on .the variation 
of the increment of’maximum lift coefficient with Reynolds number 
for wings with smooth and rough leading edges. __ 



NACA TN No. 1677 35 

RIP@ flow 

a 

u I I 

CL=0.84 a?=6.6” &=094 a-=8.7” C~--O55 a=6.4” 

u / \ L-W t I 

CL= I.01 a=8.7” c&=Lo9 a= 10.8” CL= 0.77 a=8.6” 

t. \ u 1 t 

CL= I./5 a=/O.B" CL= /.23 a= 12.9” ci= 090 a= /O 7” 

LI I IQ 

&=I.40 a= L5.0” CL= /I33 a= 14.9” &=/.23 a=/4.9 

CL--/.4 7 as /zoo CL=/38 a= /9-o” C‘S I.40 a=/&O” 

. CL= /.47 as /9.0” 

R= 4.6/x/O= 

CL= /13/ az22.9” &=/I/4 a= 20.8O 

R=3.49x/06 w R=3.49x/06 

c 

(a) Wing 2.5-10-44&Q. (b) Wing 2.5-lo-64,26. (C) Wing 2.5-10-230,20g 

Figure 16.- Stall progression of wings with flaps neutral. 
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